Abstract
functional groups (R-N=C=O) joined to aliphatic or aromatic residues (R). The most 46 common isocyanates, their names and abbreviations used herein are shown in Figure S1 , 47 Supporting Information.
48
Monomeric diisocyanates and organic diamines are the main raw materials for 49 manufacturing polyurethane products widely used in paints, glues and foams.
50
Isocyanates are extremely toxic compounds (Alves et al., 2016) . Consequently,
51
workplace exposure is regulated in most occupational health legislations, e. g. in Spain a
52
Threshold Limit Value (TLV) has been adopted for some of the isocyanates shown in that nearly all workers can be exposed to without an adverse health effect can be found 55 in Table S1 , Supporting Information.
56
Exposure to isocyanates is associated with irritation of skin, eyes and the respiratory 57 system (Henneken et al., 2007) . In fact, between 5 and 13% of workers exposed to 58 relatively small amounts of isocyanates of 0.02 ppm (Lefkowitz et al., 2015) develop a 59 disease called isocyanate asthma (Krone and Klingner, 2005) . Higher concentrations can 60 even induce pulmonary oedema and death (Dhara and Dhara, 2002 ).
61
The relationship between work exposure and health problems has triggered studies on the 62 emissions of these compounds during synthesis of polyurethane products and during 63 thermal or mechanical treatment of the final products, analysing the airborne isocyanates 64 at different workplace atmospheres. In this way, Rosenberg (1984) analysed the 65 workplace environment during the production of polyurethane-coated wire employing 66 two different polyurethane varnishes and a horizontal and a vertical coating machine. furnace where a low polyurethane content PVC carpet was degraded.
91
In Europe, 30 million mattresses reach their end of life annually (Turner, 2014 improve the sensitivity and selectivity of the analytical method (Streicher et al., 2000) .
138
Primary and secondary amines such as 9-(N-methylaminomethyl) anthracene (MAMA) only 100 mL impinger flasks were employed in this study containing 50 mL of 
154
Impinger flask samples were diluted with toluene up to a final volume of 100 mL and 10 155 mL of these solutions were concentrated in a rotary evaporator to about 1 mL and finally 156 concentrated to dryness with a moderate stream of nitrogen. The residues were solved in 157 1 mL acetonitrile (ACN).
158
Before analysis, 100 L of the sample solutions were spiked with 10 L of a diluted 159 commercial mix of D18-DBA labelled isocyanates (1 g/mL, Supelco, USA) as the 160 internal standard. 
HPLC-QQQ-MS analysis

162
Calibration
163
A commercial mix of isocyanate concentrated DBA derivatives (Supelco, USA) was 164 employed to prepare seven solutions covering a specific concentration range for different 165 isocyanate DBA derivatives (see Table S3 , Supporting Information). These standard 166 solutions were also spiked with the same amount of D18-DBA isocyanates (Supelco, 167 USA).
168
The limit of detection (LOD) for 11 different isocyanate derivatives was set at the lowest 169 concentration in the calibration curves. The most simple isocyanate, isocyanic acid (ICA), showed increased emissions at 850°C 242 (Figure 2A) . This behaviour can be explained by the conclusion of Blomqvist et al. The diisocyanate monomers, 2,6-TDI and 2,4-TDI, were the predominant species at lower 260 temperatures as they originate from the polymer chain without further thermal breakdown
261
( Figure 2D and Figure 2E ).
262
To improve the structural properties of FPUF, a blend of 80% TDI and 20% MDI (Chanda 263 and Roy, 2008) is employed to produce these foams, which can be confirmed observing 264 the high concentration of MDI compared to TDI which was mainly released at lower This means that with an increase of temperature, naphthalene could break down to 279 produce the phenyl radical which will react with isocyanate groups present in the urethane 280 structure to produce PHI.
281
The total NCO concentration can be found in Table S4 with highest values was obtained 
287
Considering a nitrogen content of 5.95% in FPUF (Table S2) , the recovery of the initial 288 N as NCO was 0.1% for experiments performed at 300, 350, 400 and 450°C, whereas at 289 850°C this value increased up to 0.6% due to the highest ICA emissions.
290
Total emission of isocyanates at 850°C was ten times higher than those at lower only the break of urethane chains occurred whereas at 850ºC the monomers released were 340 terminally degraded to monoisocyanates ( Figure S4A and Figure S4B ), mainly ICA.
341
No previous studies on isocyanate emissions of viscoelastic memory foams have been 342
found.
343
The thermal degradation of VMFs (Table S5) showed lower yields on isocyanates than
344
FPUFs, being often near the LOD, especially at lower temperatures. This corresponds to 345 the fact that the amount of isocyanates that are used in the formulation of VMF are lower 346 than for FPUF production, as can be confirmed with the nitrogen content of this foam 347 which was 3.34% (Table S2 ). In fact, not only the total isocyanate concentration but also 348 the total NCO concentrations emitted from the pyrolysis of VMF were in some cases 349 negligible compared with those from the FPUF degradation (Table S5) The search of other isocyanates formed during the FPUF pyrolysis at three different 389 temperatures (300, 400 and 850°C) has been achieved using QTOF-MS.
390
When DBA derivatives of isocyanates are ionised in the electrospray source, the most times. An example is showed in Figure S5 for pyrolysis of FPUF at 300ºC. From some 394 of the peaks, mass spectra were extracted and matching formulas were suggested, as 395 shown in Table S7 . With these ions detected, a bibliographic search was performed to 396 know if they were observed previously and it was found that some of these compounds 397 had been reported in other studies. and 4,2-TAI, with 2,6-TAI presenting the highest area followed by 4,2-TAI and 2,4-TAI.
405
During air sampling, they employed only DBA as a reagent and the derivatization of aminoisocyanates (TAI) isomers were found, 2,6-TAI, 2,4-TAI and 4,2-TAI. Isomer 2,6-
413
TAI presented the highest level in the exhaust gases, followed by 4,2-TAI and 2,4-TAI.
414
Bearing these results in mind, it was assumed that the three peaks detected at m/z=278 where three peaks were detected at 3.6, 3.9 and 4.45 min.
429
The first eluting isomer which is tentatively assigned to 2,6-TAI considering the elution 430 order of Tinnerberg et al. (1996) accounted for about 70% of the area, while the second 431 and third isomers which were assigned to 2,4-TAI and 4,2-TAI accounted from 10% and 432 20%, respectively.
433
Assuming that the respective precursors are toluene aminoisocyanates, it was possible to 434 suggest the main product ions that should be obtained. Extracting the mass spectra from 435 these peaks indeed confirmed the postulated structures. Figure S6B shows the product 436 ion spectrum of the first eluting peak shown in Figure S6A . All likely product ions of 437 TAI-DBA were obtained. Similar spectra were obtained for the other two peaks.
438
With these results, it can be said that the ions with m/z=278 amu are possibly the DBA 439 derivatives of three toluene aminoisocyanate isomers (TAI).
440
Similar MS experiments were performed with product ions at m/z=377, 426 and 453 amu.
441
In all cases the suggested structures were confirmed based on the observed formed ions.
442
The respective chromatograms from the product ion scans and mass spectra obtained can 443 be found in Figures S7-S9 . 444 Almost all of the new aminoisocyanates were detected not only in samples exposed at 445 300ºC but also in these at 400 and 850ºC, except 1-aminomethyl-3-(4-(4'- Tables   579   Table 1 . Possible aminoisocyanates detected in pyrolysis samples of FPUF at 300, 400 and 850 580 ºC 581 582 583
